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METHOD AND SYSTEM FOR TRACKING AND MONITORING PATIENT 
COMPLIANCE WITH MEDICAL DEVICE USAGE PRESCRIPTION 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[01] This application claims priority under 35 U.S.C. § 1 19(e) from 

provisional U.S. patent application no. 60/406,247 filed August 27, 2002 the contents 
of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[02] The present invention relates to a method and system for tracking and 

managing a patient's compliance with a medical treatment regimen or prescription, 
and, in particular, to a method and system that tracks and manages a patient's 
compliance with a prescribed usage of a medical device. 

2. Description of the Related Art 

[03] It is well known to treat a medical disorder or to diagnose, treat or 

monitor the condition of a patient using medical equipment. For example, patients 
suffering from a pulmonary or respiratory disorder, such as obstructive sleep apnea 
(OSA), are often treated with a pressure support device, such as a continuous positive 
airway pressure (CPAP) device. A CPAP device delivers a flow of fluid to the airway 
of the patient throughout the patient's breathing cycle in order to "splint" the airway, 
thereby preventing its collapse during sleep. Examples of such CPAP devices are the 
REMstar® and Solo® family of CPAP devices manufactured by Respironics, Inc. of 
Pittsburgh, Pennsylvania. 

[04] It is also known to provide a bi-level positive pressure therapy, in 

which the pressure of fluid delivered to the patient's airway varies or is synchronized 
with the patient's breathing cycle to maximize the medical effect and comfort to the 
patient. An example of pressure support devices that provide "bi-level" pressure 
support, in which a lower pressure is delivered to that patient during the patient's 
expiratory phase than during the inspiratory phase, is the BiPAP® family of devices 
manufactured and distributed by Respironics, Inc. of Pittsburgh, Pennsylvania. Such a 
bi-level mode of pressure support is taught, for example, in U.S. Patent Nos.: 



5,148,802 to Sanders et al.; 5,313,937 to Zdrojkowski et al.; 5,433,193 to Sanders et 
al.; 5,632,269 to Zdrojkowski et ah; 5,803,065 to Zdrojkowski et al.; and 6,029,664 to 
Zdrojkowski et al., the contents of each of which are incorporated by reference into 
the present invention. 

[05] It is further known to provide an auto-titration positive pressure 

therapy in which the pressure provided to the patient changes based on the detected 
conditions of the patient, such as whether the patient is snoring or experiencing an 
apnea, hypopnea, or upper airway resistance. An example of a device that adjusts the 
pressure delivered to the patient, based on whether or not the patient is snoring, is the 
Virtuoso® CPAP family of devices manufactured and distributed by Respironics, Inc. 
An example of a pressure support device that actively tests the patient's airway to 
determine whether obstruction, complete or partial, could occur and adjusts the 
pressure output to avoid this result is the Tranquility® Auto CPAP device, also 
manufactured and distributed by Respironics, Inc. An exemplary auto-titration 
pressure support mode is taught, for example, in U.S. Patent Nos.: 5,203,343; 
5,458,137; and 6,087,747, all to Axe et al., the contents of which are incorporated 
herein by reference. A further example of an auto-titration pressure support device 
that actively tests the patient's airway to determine whether obstruction, complete or 
partial, could occur and adjusts the pressure output to avoid this result is the 
Tranquility® Auto CPAP device, also manufactured by Respironics, Inc. This auto- 
titration pressure support mode is taught in U.S. Patent No. 5,645,053 to Remmers et 
al., the content of which is also incorporated herein by reference. 

[06] In treating a patient using any of the above-described pressure support 

systems, each of which represents a mode of providing pressure support, it is often 
desirable to monitor various parameters associated with the use of such systems. 
Once a patient is diagnosed with a breathing disorder, he or she is typically prescribed 
a pressure support therapy, i.e., a mode of pressure support (CPAP, bi-level, or auto- 
titration) and given a prescribed pressure support level. The pressure support therapy 
(mode of pressure support and pressure settings) is typically prescribed by a physician 
after the patient undergoes a sleep study at a sleep lab. The patient's healthcare 
provider, such as that patient's physician or health insurance company, is often 
interested in ensuring that the patient actually uses the pressure support therapy as 
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prescribed. Thus, it is known to monitor a patient's compliance with the prescribed 
therapy by monitoring the patient's usage of the pressure support device. 
[07] Typically, a doctor or other health care provider is able to track and 

monitor a patient's compliance with the prescribed pressure support device usage by 
tracking the operation of the prescribed pressure support device. In addition, a status 
monitor may be in communication with the respiratory apparatus that delivers 
breathable gas to the airway of a patient. The status monitor determines the status of 
the usage of the unit by the patient and includes a timer for determining the 
accumulated time of usage of the unit by the patient. See, e.g., U.S. Patent No. 
5,517,983 to Deighan et al. As shown in U.S. Patent No. 5,706,801 to Remes et al., 
such compliance monitors also may have remote communication functionality, 
allowing the usage information to be transmitted from the device to a remote 
computer. 

[08] However, these conventional compliance monitoring systems are 

deficient in that they measure only the operational or device usage time, whether 
through device operation, cannula operation, air flow measurement, etc. These 
devices then provide a total usage time, from which the device or a remote computer 
calculates the compliance with the prescribed total usage time. The measurement and 
compliance monitoring is a strictly static one and only provides limited "snap shots" 
demonstrating compliant or non-compliant behavior. Therefore, there remains a need 
for a method and system for dynamically tracking and monitoring a patient's 
compliance with a prescribed device usage allotment during a cycle of predetermined 
periods. 

[09] Another deficiency evident in the conventional compliance monitoring 

methods and systems stems from their definition of "compliance." In other words, 
these systems track, monitor, and manage a "technical" compliance level for a patient. 
For example, if a patient is prescribed a device usage time of eight hours of usage in a 
24-hour period, the mere fact that the patient uses the device for 8 hours during that 
period does not necessarily indicate that the patient is "compliant." In prior art 
systems, any usage of the device is accrued towards the prescription level. 

[10] However, relatively short usage sessions, e.g., sessions where the 

medical device is used continuously for ten or twenty-minutes or less, may not 
effectively treat the patient. This is because a person with normal sleeping patterns 



will go through a cycle of different stages of sleep during the course of a night. The 
cycle for a particular person is a sequence of these stages, usually in the same order, 
with a relatively constant time in each stage. Any disruption causes this normal 
pattern to be disturbed, resulting in a reduction of time in each stage of sleep, which 
can have negative effects on health. Short sessions indicate that the patient is waking 
frequently and thus creating this disruption of normal sleep patterns. Therefore, there 
remains a need for a compliance method and system that ensures that the patient is 
meeting an actual compliance level, as opposed to a "technical" compliance level. 

SUMMARY OF THE INVENTION 

[11] It is, therefore, an object of the present invention to provide a method 

and system for tracking and monitoring patient compliance with a medical device 
usage prescription that overcomes the deficiencies of the prior art. It is another object 
of the present invention to provide a compliance monitoring method and system that 
tracks a patient's compliance over various predetermined compliance periods and 
measurement cycles. It is yet another object of the present invention to provide a 
method and system for tracking and monitoring patient compliance, which tracks a 
patient's "actual" compliance, as opposed to mere "technical" compliance. It is a still 
further object of the present invention to provide a method and system for tracking 
and monitoring a patient's compliance with a therapeutic device usage prescription or 
regimen. 

[12] The present invention is a method and system for tracking and 

monitoring a patient's compliance with a medical device usage prescription. The 
method is a computer-implemented method and includes the steps of: (a) providing a 
minimum medical device usage compliance value for the medical device for a 
predetermined compliance period; (b) providing the quantity of compliance periods in 
a measurement cycle; and (c) determining a compliance period value as the number of 
compliance periods in the measurement cycle in which an actual medical device usage 
value is at least equal to the minimum medical device usage compliance value. 

[13] In a preferred embodiment, the method also includes the steps of: (a) 

providing a weighting factor; and (b) applying the weighting factor to at least one 
actual medical device session usage value. In this embodiment, the weighting factor 
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can be selected such that the session usage value is discarded entirely (weighting 
factor = 0) or reduced based on the duration of the session usage value. 

[14] In another preferred embodiment, the method includes the steps of: (a) 

providing a minimum medical device usage short session value; (b) comparing the 
actual medical device usage value for a discrete usage session with the minimum 
medical device usage short session value; and (c) determining a short session count 
value based upon the number of usage sessions wherein the actual medical device 
usage value for the respective usage session is less than the minimum medical device 
usage short session value. 

[15] These and other objects, features and characteristics of the present 

invention, as well as the methods of operation and functions of the related elements of 
structure and the combination of parts and economics of manufacture, will become 
more apparent upon consideration of the following description and the appended 
claims with reference to the accompanying drawings, all of which form a part of this 
specification, wherein like reference numerals designate corresponding parts in the 
various figures. It is to be expressly understood, however, that the drawings are for 
the purpose of illustration and description only and are not intended as a definition of 
the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[16] FIG. 1 is a schematic view of a patient/medical device relationship 

according to the prior art; 
[17] FIG. 2 is a schematic view of a pressure support system employing the 

method and system according to the present invention; and 
[18] FIG. 3 is a chart of weighting factors for use in connection with short 

sessions according to the present invention. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS OF THE INVENTION 

[19] The present invention is directed to a computer-implemented method 

and system for tracking and monitoring patient compliance with a medical device 
usage prescription. As seen in FIG. 1, a patient 10 may use a medical device 12 on an 
on-going or periodic basis, in order to assist or complement the healing or treatment 
process. Typically, such a medical device 12 would be referred to as a "therapeutic" 



device and includes its associated equipment. Examples of therapeutic or medical 
devices 12 (and inclusive equipment) include a ventilator, a pressure support system 
(CPAP, bi-level device, auto-titration device, etc.,) an oximeter, a ventilatory support 
system, an oxygen concentrator, a nebulizer or humidifier, a phototherapy device, an 
immersion therapy device, and a physical therapy device. For purposes of the present 
invention, medical device 12 or therapeutic device includes an apparatus capable of 
performing the method for the compliance tracking and monitoring method and an 
apparatus for controlling and executing this method. 
[20] The method and system of the present invention allows a user to track 

and monitor a patient's 10 compliance with a medical device usage prescription for a 
medical device 12. This method includes the steps of: (a) providing a Minimum 
Medical Device Usage Compliance Value for medical device 12 for a predetermined 
Compliance Period; (b) providing the quantity of Compliance Periods in a 
Measurement Cycle; and (c) determining a Compliance Period Value as the number 
of Compliance Periods in the Measurement Cycle in which an Actual Medical Device 
Usage Value is at least equal to the Minimum Medical Device Usage Compliance 
Value. 

[21] Typically, a doctor or caregiver will prescribe a Medical Device Usage 

Prescription Value. For purposes of the present invention, the "Medical Device 
Usage Prescription Value" is defined as the period of time, typically expressed as a 
number of hours, that the medical device should be used on a relatively continuous 
basis by the patient during a Compliance Period. The "Compliance Period" is the 
period of time over which one or more Usage Sessions are measured. A "Usage 
Session" is a period of time, typically expressed as a number of minutes or hours, 
during a Compliance Period in which the medical device is used in a continuous basis 
by the patient. It can be appreciated that during each Compliance Period the patient 
will participate in at least one Usage Session. 

[22] A doctor, for example, may prescribe that patient 10 use medical 

device 12, such as a pressure support system, for eight hours in a day. In treating 
OS A with a CPAP therapy, the eight hour period is typically at night while the patient 
is asleep. In this hypothetical example, the "Medical Device Usage Prescription 
Value" is eight hours and the "Compliance Period" is 24 hours or one day. 
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[23] It can be appreciated that this is the ideal prescription for providing the 

maximum beneficial effect to patient 10. However, as is common with medical 
prescriptions, it is often unlikely that the patient will meet the prescribed value or 
level on a consistent basis. For example, when the doctor prescribes that patient 10 
use medical device 12 for at least eight hours during a 24-hour period, patient 10 may 
use medical device 12 much less often, i.e., not every day, for much shorter periods of 
time, i.e., not for the full eight hours each day, or both. 

[24] In monitoring and tracking patient 10 usage of medical device 12, it is 

common to assign a Minimum Medical Device Usage Compliance Value for medical 
device 12. The "Minimum Medical Device Usage Compliance Value" is defined as 
the minimum level of usage required during a Compliance Period, below which the 
benefit of the medical device begins to diminish. This value is typically set by a 
physician, caregiver, or other healthcare professional or medical device manufacturer 
and may be patient specific, device specific, or both. In the above example, while 
patient 10 has been prescribed an 8-hour treatment regimen, for compliance 
monitoring, the doctor may also estimate the Minimum Medical Device Usage 
Compliance Value, below which the benefit of medical device 12 begins to diminish. 
For example, given the above-discussed 8-hour prescription, the doctor may set the 
Minimum Medical Device Usage Compliance Value for medical device 12 at four 
hours for any given Compliance Period, which, in this case, is a day or twenty- four 
hours. 

[25] After setting the Minimum Medical Device Usage Compliance Value 

for medical device 12 for the Compliance Period, the user or doctor would decide 
how many Compliance Periods are in a Measurement Cycle. A "Measurement 
Cycle" is defined as the period of time or number of compliance periods over which 
the patient is to be monitored to indicate actual compliance with the prescribed 
therapy. In the preferred embodiment, where the Compliance Period is twenty-four 
hours, the Measurement Cycle could be a week (seven days) or seven Compliance 
Periods. It can be appreciated that the Measurement Cycle is not fixed for all patients 
and all medical therapies. Rather, the Measurement Cycle would be determined by 
the physician, caregiver, or other health care provider as being a period of time over 
which monitoring the patient's compliance would provide meaningful information 
regarding the usage by the patient in effectively treating the condition of interest. 
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[26] Finally, the Compliance Period Value is determined as the number of 

Compliance Periods (e.g., 24-hour periods) in the Measurement Cycle (e.g., seven 24- 
hour Compliance Periods) where an Actual, i.e., measured, Medical Device Usage 
Value is equal to or greater than the set Minimum Medical Device Usage Compliance 
Value. The "Actual Medical Device Usage Value" is defined as an actual 
measurement of device usage obtained using any conventional technique for 
monitoring such device usage. Again, returning to the above example, the 
Compliance Period Value would be a function of the number of 24-hour periods in the 
7-day Measurement Cycle where the actual usage is equal to or higher than four 
hours. 

[27] After the Compliance Period Value is determined for the patient, the 

doctor or user can make an overall decision regarding patient's 10 compliance with 
some compliance value. For example, the doctor may compare the Compliance 
Period Value with the Medical Device Usage Prescription Value. This would be 
especially useful when the Minimum Medical Device Usage Compliance Value is 
equal to the Medical Device Usage Prescription Value. 

[28] A more often used formula converts the Compliance Period Value to a 

percentage of Compliance Periods in the Measurement Cycle in which the Actual 
Medical Device Usage Value is at least equal to the Minimum Medical Device Usage 
Compliance Value. This percentage is then compared to a set or commonly-used 
compliance percentage to determine whether the patient is compliant or non- 
compliant with his or her usage of the medical device. 

[29] Following are two examples of the present method when used in 

connection with a percentage compliance value: 

[30] EXAMPLE 1 

Minimum Medical Device Usage Compliance Value = 4 hours per Compliance Period 
Compliance Period = 24 hours 

Measurement Cycle = 7 Compliance Periods (i.e., 7days) 
Actual Medical Device Usage Value (1st Compliance Period) = 5 hours 
Actual Medical Device Usage Value (2nd Compliance Period) = 6 hours 
Actual Medical Device Usage Value (3rd Compliance Period) = 2.5 hours 
Actual Medical Device Usage Value (4th Compliance Period) = 4 hours 
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Actual Medical Device Usage Value (5th Compliance Period) = 5 hours 
Actual Medical Device Usage Value (6th Compliance Period) = 5.5 hours 
Actual Medical Device Usage Value (7th Compliance Period) = 4.5 hours 
[31] The Compliance Period Value is 6, because there were 6 Compliance 

Periods during the Measurement Cycle where the Actual Medical Device Usage 
Value was greater than the Minimum Medical Device Usage Compliance Value (4 
hours in this hypothetical). If "Compliance" is defined as exceeding the Minimum 
Medical Device Usage Compliance Value for at least 75% of the Measurement Cycle, 
the patient in this example is in compliance, because 6 out of 7 compliance periods for 
the measurement cycle corresponds to the ratio 6/7, which is equal to 86%. 

[32] EXAMPLE 2 

Minimum Medical Device Usage Compliance Value = 4 hours per Compliance Period 
Compliance Period = 24 hours 

Measurement Cycle = 7 Compliance Periods (i.e., 7 days) 
Actual Medical Device Usage Value (1st Compliance Period) = 5 hours 
Actual Medical Device Usage Value (2nd Compliance Period) = 6 hours 
Actual Medical Device Usage Value (3rd Compliance Period) = 2.5 hours 
Actual Medical Device Usage Value (4th Compliance Period) = 4 hours 
Actual Medical Device Usage Value (5th Compliance Period) = 5 hours 
Actual Medical Device Usage Value (6th Compliance Period) = 1 hour 
Actual Medical Device Usage Value (7th Compliance Period) = 4.5 hours 

[33] Compliance Period Value is equal to 5, because there were 5 out of the 

7 Compliance Periods where the Actual Medical Device Usage Value was greater 
than the Minimum Medical Device Usage Compliance Value (4 hours in this 
hypothetical). If "Compliance" is defined as exceeding the Minimum Medical Device 
Usage Compliance Value for at least 75% of the Measurement Cycle, the patient in 
this example is not in compliance, because 5 out of 7 compliance periods for the 
measurement cycle corresponds to the ratio 5/7, which is equal to 72%. 

[34] In order to determine compliance, the present invention also 

contemplates inputting or providing the Actual Medical Device Usage Value for each 
Compliance Period, as well as a Measurement Cycle Compliance Value, and 
comparing the resulting Compliance Period Value with the Measurement Cycle 
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Compliance Value. In the above two examples, the Measurement Cycle Compliance 
Value is set at 75%. The Measurement Cycle Compliance Value can be considered as 
a value, typically expressed as a percentage or period of time, during the 
Measurement Cycle, below which the benefit of the medical device begins to 
diminish. 

[35] After the comparison, a Compliance Indicator is provided, based upon 

the results. Again, in the above examples, the Compliance Indicator would indicate a 
"compliance" for the first example and a "non-compliance" for the second example. 
Typically, the Compliance Indicator indicates a "compliance" signal if the 
Compliance Period Value is at least equal to the Measurement Cycle Compliance 
Value and a "non-compliance" signal if the Compliance Period Value is less than the 
Measurement Cycle Compliance Value. This Compliance Indicator may also 
indicate, in addition to the "compliance" signal and the "non-compliance" signal, a 
"marginal compliance" signal, a "warning" signal, a "trend" signal and a "compliance 
value" signal. 

[36] It is also envisioned that a report can be created based upon the 

Compliance Indicator. Such a report would be indicative of patient 10 compliance 
with the Medical Device Usage Prescription Value, the Minimum Medical Device 
Usage Compliance Value, the Measurement Cycle Compliance Value, etc. This 
report can be in the form of a list, a chart, a diagram, a graph, etc., and generated and 
presented using any conventional technique. 

[37] The above calculations typically lead to a very simple and non- 

explanatory "compliance" or "non-compliance" label. However, the present method 
can be adjusted, by adjusting the Minimum Medical Device Usage Compliance 
Value, the Compliance Period, and the Measurement Cycle to provide a variety of 
measures and trends towards compliance or non-compliance. When adjusting the 
above variables, for example decreasing the Measurement Cycle, the doctor, caregiver 
or user can use this method in a preventative manner. 

[38] For example, a Compliance Warning Value could be provided, and the 

Compliance Period Value compared with the Compliance Warning Value. This could 
be done on, for example, a daily basis. When the Compliance Period Value equals the 
Compliance Warning Value, a warning signal could be presented to both patient 10, 
as well as the doctor or caregiver. At this point, patient 10 could attempt to adjust his 
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or her usage of medical device 12. Additionally, the doctor or caregiver could contact 
patient 10 and notify them of their movement towards non-compliance, which results 
in minimal and often zero benefit by the patient usage of medical device 12. 

[39] It is envisioned that this Compliance Warning Value can be set by a 

user, and the user could be a patient, a doctor, a caregiver, a medical device 
manufacturer, etc. Further, the warning signal can be an audible alarm or a visual 
display. The visual display could include an alphanumeric message, and this 
alphanumeric message could be user-defined. For example, medical device 12 could 
provide an audible alarm or a message on its display informing patient 10 of his or her 
non-compliant use of medical device 12. 

[40] The Compliance Period could also be defined or referred to as a 

prescription period. This prescription period can be a 12-hour period, a 24-hour 
period, a multi-day period, a weekly period, a multi-weekly period, a monthly period, 
a multi-monthly period, an annual period and/or a multi-yearly period. Further, the 
Compliance Period could be a static period, a rotating period or a dynamic period. 
Similarly, the Measurement Cycle can be a 12-hour period, a 24-hour period, a multi- 
day period, a weekly period, a multi-weekly period, a monthly period, a multi- 
monthly period, an annual period and/or a multi-yearly period. 

[41] In determining the Actual Medical Device Usage Value, typically this 

value is based upon the operation of one or multiple components of the medical 
device. For example, this value can be determined by the operation or power- 
consumption of a blower, a battery, a power input, a motor, etc. Additionally, the 
Actual Medical Device Usage Value can be based upon a measured physical 
parameter indicative of a patient's actual usage of the medical device, such as a flow 
rate, a pressure differential, a temperature, a density, a mass analysis, a constituent 
identification, etc. 

[42] As seen in FIG. 2, the present invention contemplates using the 

compliance monitoring techniques discussed above in connection with a pressure 
support system 14 corresponding to medical device 12. Pressure support system 14 
includes a blower 16, which intakes air, pressurizes the air and exhausts the air 
through a valve 18 further through a flow meter 20, through tubing 22 and into a 
patient interface device 24, such as a nasal mask. Patient interface device 24 is placed 
over the nose, mouth, or both of patient 10 and, in this manner, the patient receives air 
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at a pressure greater than the ambient pressure from pressure support system 14. A 
pressure meter 26 may also be connected to the air flow or tubing 22, which is also 
know in the art at the patient circuit. 

[43] It should be noted that other conventional configurations of pressure 

support system 14 are contemplated by the present invention. For example, it is 
known to eliminate valve 18 in favor of controlling the operating speed of blower 16 
to control the pressure of gas delivered to the patient. It is also known to locate valve 
1 8 upstream of blower 1 6. In addition, any combination of these alternative pressure 
support device would be suitable for use with the compliance monitoring techniques 
of the present invention. 

[44] Typically, all of blower 16, valve 18, flow meter 20, and pressure 

meter 26 are connected to a controller 28. Controller 28 controls the various 
components of the pressure support system, and also may include appropriate 
software to complete one or more of the steps and sub-steps of the present method. In 
addition, controller 28 can be in communication with a display device 30, which may 
display any of the results or values of the variables discussed above for viewing by 
patient 10. 

[45] While display device 30 may provide information to the patient, 

controller 28 may also be in communication with a communication device 32, such as 
a modem. Communication device 32 can be either internal, integrated or external to 
pressure support system 14. In addition, communication device 32 is in 
communication with a remote computing device 34, and this remote computing 
device 34 may contain a central database 36 thereon. 

[46] Medical device 12, and in this case a pressure support system 14, 

communicates with remote computing device 34 via a user, a direct link, a 
telecommunications data link, a temporary storage medium, etc. Further, any of the 
information and data discussed above can be transmitted by communication device 32 
to computing device 34, and, specifically, to database 36 on computing device 34. 
For example, the communication device may transmit the Minimum Medical Device 
Usage Compliance Value, the Compliance Period, the Measurement Cycle, the 
Compliance Period Value, the Actual Medical Device Usage Value, the Medical 
Device Usage Prescription Value, the Measurement Cycle Compliance Value, the 
Compliance Indicator, the compliance warning signal, the compliance signal, the non- 
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compliance signal, the marginal compliance signal, the trend signal, the compliance 
value signal, the Compliance Warning Value, the medical device operation signal, the 
measured physical parameter, the flow rate, the pressure signal, the temperature, the 
density, the mass analysis, and/or the constituent identification. All of this 
information and data can be stored as data fields on central database 36. It is also 
envisioned that this central database 36 can be resident on a computing system, a 
home care provider network, a primary care provider network, an insurance network, 
a manufacturer network, etc. 
[47] In another embodiment of the present invention, the method of 

monitoring patient compliance includes determining the Actual Medical Device 
Usage Value for the Compliance Period based upon an Actual Medical Device 
Session Usage Value determined for each of multiple, discrete Usage Sessions. This 
Actual Medical Device Session Usage Value differs from the Actual Medical Device 
Usage Value, in that typically a patient will not use the medical device in only one, 
long compliant block of time. Instead, patient 10 will use medical device 12 in 
multiple and discrete smaller time blocks, referred to as Usage Sessions. As such, the 
Actual Medical Device Usage Value is calculated as the sum of the Actual Medical 
Device Session Usage Values, which are accrued during the Compliance Period. 
However, such smaller blocks of time or Usage Sessions leads to a separate 
compliance problem. It should be noted that if the patient uses the medical device in 
only one long block of time during a Compliance Period, the Usage Session will be 
the same as the Compliance Period. 

[48] It can happen that if a patient uses the medical device for greater than 

the Minimum Medical Device Usage Compliance Value in any given Compliance 
Period, the compliance monitoring of the present invention described thus far, as well 
as conventional compliance monitoring methods, would consider patient 10 as being 
in compliance with the medical treatment. However, research indicates that 
extremely small or short usages of a medical device 12 provides a reduced benefit or 
even no benefit to the patient. Therefore, one embodiment of the present invention 
contemplates that relatively small or short usages of the medical device should not be 
included in the determination of compliance for that patient. 

[49] The present inventors also recognized that even short Usage Sessions 

may have some therapeutic value. However, the shorter the Usage Session, the 
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greater the reduction in the beneficial effect of the medical device. For example, 
while patient 10 may not get the maximum therapeutic effect from medical device 12 
if only used for a 40-minute session, he or she will get an even further reduced 
therapeutic effect for a 20-minute session. Therefore, in a further embodiment of the 
present invention, a Weighting Factor is applied to the Actual Medical Device Session 
Usage Value. Further, the Weighting Factor is variable and dependent upon the 
Actual Medical Device Session Usage Value, i.e., the value of the Weighting Factor is 
based on the length of the Usage Session. 
[50] In a preferred and non-limiting embodiment, the Weighting Factor 

ranges from zero to one. An exemplary preferred embodiment illustrating a 
relationship between the Weighting Factor and the duration of the Usage Session 
(a.k.a. Usage Session Value) is illustrated in a table format in FIG. 3. As seen in the 
table in FIG. 3, the patient is given zero "credit" towards his or her Actual Medical 
Device Session Usage Value if he or she has only used medical device 12 for up to 
twenty minutes. In the embodiment shown in FIG. 3, the Weighting Factor ranges 
between zero and one between an Actual Medical Device Session Usage Value 
ranging between twenty minutes and sixty minutes. After sixty minutes, the patient is 
given full credit for the time that medical device 12 was used in that Usage Session, 
i.e., a Weighting Factor of 1 is applied is the Usage Session is greater than or equal to 
sixty minutes. 

[51] It can be appreciated that the preceding embodiment of the present 

invention, where short usages of the medical device are not included in the 
determination of compliance for that patient, is the equivalent of making the 
Weighting Factor - Session Duration relation shown in FIG. 3 a step function, rather 
than a ramp function. The present invention contemplates than an infinite number of 
relations can be used for the Weighting Factor - Session Duration relation depending 
on how the length of the Usage Session is to impact on the inclusion of that Usage 
Session on the Actual Medical Device Usage Value for that Compliance Period. The 
present invention also contemplates that the Weighting Factor can be greater than 1 
and less that zero. For example, the patient can be "penalized" if the Usage Session is 
too short or "rewarded" if the Usage Session is especially long. 

[52] The following is an example of how this Weighting Factor is applied 

using the Weighting Factor - Session Duration criteria set forth in Fig 3. 
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EXAMPLE 3 

Minimum Medical Device Usage Compliance Value = 4 hours per Compliance Period 

Compliance Period = 24 hours 

Measurement Cycle = 7 Compliance Periods (days) 

Actual Medical Device Usage Value (1st Compliance Period) - 5 hours 

Session Usage Value 1 = 20 minutes x Weighting Factor (0) = 0 minutes 
Session Usage Value 2 = 40 minutes x Weighting Factor (.5) = 20 minutes 
Session Usage Value 3 = 2 hours x Weighting Factor (1) = 2 hours 
Session Usage Value 4 = 40 minutes x Weighting Factor (.5) = 20 minutes 
Session Usage Value 5 = 20 minutes x Weighting Factor (0) = 0 minutes 
Session Usage Value 6 = 1 hour x Weighting Factor (1) - 1 hour 

New Actual Medical Device Usage Value (TOTAL) for the first Compliance Period = 

3 hours and 40 minutes 
[53] For the rest of this example, it is assumed that the Actual Medical 

Device Usage Values in the remaining Compliance Periods were in at least 1 hour so 

that the Actual Medical Device Session Usage Values (wherein the Weighting Factor 

= 1), are as follows: 

Actual Medical Device Usage Value (2nd Compliance Period) = 6 hours 
Actual Medical Device Usage Value (3rd Compliance Period) = 2.5 hours 
Actual Medical Device Usage Value (4th Compliance Period) = 4 hours 
Actual Medical Device Usage Value (5th Compliance Period) = 5 hours 
Actual Medical Device Usage Value (6th Compliance Period) = 5.5 hours 
Actual Medical Device Usage Value (7th Compliance Period) = 4.5 hours 
[541 Although the Actual Medical Device Usage Value for the 1st 

Compliance Period was actually 5 hours of total use, the appliance of the Weighting 
Factor to the "short session" usages moved the new Actual Medical Device Usage 
Value for the 1st Compliance Period to 3 hours and 40 minutes. Therefore, the 
previously compliant patient 10 (as illustrated in Example 1 due to the Compliance 
Period Value of 6 / 7) is now non-compliant, as follows: 

Compliance Period Value = 5/7 Compliance Periods > Minimum Medical 

Device Usage Compliance Value (4 hours). 
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If "Compliance" is defined as exceeding the Minimum Medical Device Usage 
Compliance Value for at least 75% of the Measurement Cycle, the patient in this 
example is not in compliance, since 511 = 72%. 

[55] In another embodiment of the present invention, a Minimum Medical 

Device Usage Short Session Value can be provided, and the Actual Medical Device 
Usage Value for a discrete Usage Session can be compared with the Minimum 
Medical Device Usage Short Session Value. This comparison can yield a Short 
Session Count Value, which is an indication of the number of Usage Sessions where 
the Actual Medical Device Usage Value for the respective Usage Session (previously 
labeled as the Actual Medical Device Session Usage Value) is less than the Minimum 
Medical Device Usage Short Session Value. 

[56] The present invention contemplates providing Short Session Warning 

Value. The Short Session Count Value is compared with the Short Session Warning 
Value. A warning signal is presented to a user or caregiver when the Short Session 
Count Value equals or exceeds the Short Session Warning Value. As discussed 
above, this Short Session Warning Value may be set by a user, such as the doctor, 
caregiver, manufacturer, etc. The warning signal can be an audible alarm or a visual 
display, and the visual display may include an alphanumeric message. As discussed 
above, the alphanumeric message may be user-defined. This count of short sessions 
and warning if the number of short sessions exceeds a threshold, can be used alone or 
in combination with the weighting factor technique discussed above. 

[57] In the embodiments discussed above, only the length or duration of the 

Usage Session is used to determine whether the Usage Session Value for that Usage 
Session count toward the total compliance, and if so, whether the Usage Session 
Value will be weighted by some amount. The present invention, however, 
contemplates taking other criteria or events into consideration in evaluating the 
patient's Usage Sessions. The Weighting Factor can then be modified based on these 
other events. 

[58] In one exemplary embodiment, the present invention contemplates 

monitoring the physiological condition of the patient during a Usage Session and 
adjusting the Weighting Factor for that Usage Session based on the monitored 
condition of the patient. Monitoring the physiological condition of the patient can be 
done using any conventional technique in conjunction with pressure support system 
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14. For example, the present invention contemplates monitoring the flow of gas 
delivered to and received from the patient, the pressure of the flow of gas, the 
patient's muscle activity, the patient body position, and the patient's oxygen 
saturation. Also, the eye movement, brainwave activity, heart rate, or other criteria 
can be monitored, alone or in combination, to determine the condition of the patient, 
such as whether the patient is asleep and/or experiencing a certain sleep stage. If for, 
example, the patient is not asleep, this can be used to adjust the Weighting factor so as 
to reduce or eliminate (make the Weighting Factor = 0) the contribution of the Usage 
Session Value associated with that Usage Session toward the Actual Medical Device 
Usage Value for that Compliance Period. 

[59] In another example, the patient is monitored to determine whether he 

or she is experiencing some respiratory related event, such as snoring, apnea, 
hypopnea, cheynes-stokes respiration, or rapid breathing. The Weighting Factor can 
be adjusted if one or more of these events are present during a Usage Session by 
applying an adjustment value on the Weighting Factor if a respiratory event is 
detected. In addition, or in the alternative, different Weighting Factor - Session 
Duration relations can be used to select the Weighting Factor for a Usage Session 
Value depending on the presence, number, and/or severity of the respiratory event 
detected during a Usage Session. These different relations can be stored in a memory 
and the appropriate relation selected based on the monitored parameter. 

[60] For example, if one or more snoring or apnea events are detected 

during a Usage Session, the Weighting Factor for that Usage Session can be reduced. 
This is logical as the presence of snoring or apneas tends to indicate a lack of 
effectiveness of the pressure support treatment. The amount of reduction can be 
based on any desired criteria, such as the number of snoring or apnea events detected, 
their severity, or frequency. 

[61] A further embodiment of the present invention contemplates 

monitoring the medical device or the treatment being provided by the medical device 
and adjusting the Weighting Factor for that Usage Session based on the monitored 
condition medical device or the treatment being provided. This can be done alone or 
in combination with monitoring the physiological condition of the patient during a 
Usage Session and adjusting the Weighting Factor for that Usage Session based on 
that monitored condition. 
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For example, the present invention contemplates monitoring the 
amount or flow of gas leaking from the pressure support system. If this flow exceeds 
a predetermined threshold, the Weighting Factor can be adjusted using any of the 
techniques discussed above, because it is likely the patient is not receiving the 
optimum treatment from the pressure support system having such a relatively large 
leak. Similarly, the gas output by the pressure support system and/or the pressure at 
the patient can be measured directly or indirectly using any conventional technique. 
If one or both of these pressures is not within acceptable levels, the Weighting Factor 
can be adjusted using any of the techniques discussed above, because it is again 
unlikely that the patient is receiving the optimum treatment. 

An apparatus capable of performing the above-described method is 
also contemplated by the present invention. Typically, the method of the present 
invention would be included as software installed on either medical device 12 or 
computing device 34. Specifically, as seen in FIG. 2, when using the illustrated 
pressure support system 14, the software would be installed on controller 28, 
communication device 32, and/or computing device 34. Of course, various portions 
of the compliance monitoring algorithm could be located at one or more of these 
respective components. 

The above-discussed data and compliance information can be: (1 ) 
located on medical device 12, typically the controller 28; (2) displayed on display 
device 30 of the medical device; (3) transmitted by medical device 12 to central 
database 36; (4) transmitted from the medical device by a communication device 32 
(such as a modem) to the central database; (5) transmitted from the medical device to 
a transmittable medium of storage (such as a diskette or smart card), and thereafter 
transferred to the central database; and/or (6) transmitted by the medical device via 
communication device 32 to remote computing device 34, which contains the central 
database 36. 

In an exemplary embodiment of the present invention, communication 
device 32 includes the components necessary to perform the data processing and 
storage functions to carry out the compliance and short session monitoring techniques 
of the present invention. The input data indicative of usage of the pressure support 
system is supplied by controller 28 to communication device 32. This embodiment is 
advantageous in that the basic pressure support system can be built without the 
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additional components necessary to carry out the compliance and short session 
monitoring techniques of the present invention. This is desirable because there may 
be instances when such functions are not desired in the basic pressure support system. 

[66] When these functions are desired, communication device 32 capable of 

implementing these functions can be readily provided, for example as a modem, by 
attaching the modem to a data terminal on the pressure support system. This modem 
functions as a "smart modem" in that it receives the device usage indication from the 
pressure support system and performs the compliance and short session monitoring 
techniques of the present invention. The modem can then download this data to a 
remote location. The thresholds used by the compliance and short session monitoring 
techniques of the present invention, such as the Compliance Period, Medical Device 
Usage Prescription Value, Measurement Cycle, Compliance Warning Value, etc., can 
be provided to the modem using any conventional technique. However, it is 
advantageous to allow the modem to receive such threshold values from the remote 
location so that they can be readily adjusted and monitored. 

[67] In the embodiments discussed above, the usage of the medical device 

is measured based on time, e.g., how many minutes the system is used. This requires 
providing a timing device, such as a clock, to make this determination. The present 
invention, however, contemplates that the usage of the medical device can be 
measured based on criteria other than time. In one embodiment, the usage of the 
medical device is based on number of breathing cycles detected. For example, during 
a Usage Session, the system monitors the number of breathing cycles experienced by 
the patient. This number of breathing cycles can be used in place of time to determine 
the count of Short Sessions or to determine any Weighting Factor to be applied 
against to the Session Usage Value, which in this embodiment is a numerical 
indication of the number of respiratory cycles experienced by the patient during the 
Usage Session. Similarly, the Compliance Period and Measurement Cycle can be set 
based on breathing cycles. 

[68] Overall, the present method and system yield an effective and accurate 

manner of tracking and monitoring patient compliance with a medical device usage 
prescription or regimen. The present method can be used to determine compliance, 
non-compliance or other levels of compliance or warning states. The present method 
will assist the doctor, caregiver, etc. in making an assessment of just how compliant a 
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patient is with his or her medical device usage. The present method will also allow 
the doctor or caregiver to realistically assess the effectiveness of the medical device 
usage prescription. In addition, the present method includes steps that take into 
account the diminishing effect of a short session usage of the medical device. 
[69] Although the invention has been described in detail for the purpose of 

illustration based on what is currently considered to be the most practical and 
preferred embodiments, it is to be understood that such detail is solely for that 
purpose and that the invention is not limited to the disclosed embodiments, but, on the 
contrary, is intended to cover modifications and equivalent arrangements that are 
within the spirit and scope of the appended claims. 

DEFINITION OF TERMS USED IN THE SPECIFICATION 

[70] The following is a listing of the terms used in the above specification. 

This listing is intended to supplement and not replace the definition of the terms given 
above, as understood by those skilled in the art based on the context in which they are 
presented, but may serve to help clarify the intended meaning of each. 

[71] Compliance Period - period of time over which one or more Usage Sessions are 
monitored and accumulated, typically one day. 

[72] Usage Session - a period of time, typically expressed as a number of minutes or hours, 
during a Compliance Period in which the medical device is used in a 
continuous basis by the patient. 

[73] Medical Device Usage Prescription Value - period of time, typically expressed as a 
number of hours, that the medical device should be used by the patient during 
a Compliance Period. 

[74] Minimum Medical Device Usage Compliance Value - minimum level of usage 

required during a Compliance Period, below which the benefit of the medical 
device begins to diminish. 

[75] Measurement Cycle - period of time or number of Compliance Periods over which the 
patient is to be monitored to indicate actual compliance with the prescribed 
therapy. 



-20- 



[76] Compliance Period Value - number of Compliance Periods in the Measurement Cycle 
in which an Actual, i.e., measured, Medical Device Usage Value is equal to or 
greater than the set Minimum Medical Device Usage Compliance Value 

[77] Actual Medical Device Usage Value - actual measurement of device usage obtained 
using any conventional technique for monitoring device usage. 

[78] Measurement Cycle Compliance Value - a value, typically a percentage or period 

time, during the Measurement Cycle, below which the benefit of the medical 
device begins to diminish. 

[79] Compliance Indicator - a signal provided in any conventional format indicative of 
some measure of the compliance of the patient, such as "compliant," "non- 
compliant", "marginally compliance", "compliant - but trending toward non- 
compliance", "non-compliant - but tending toward compliance", etc. 

[80] Compliance Warning Value - a warning threshold that is compared with the 

Compliance Period Value, where a deviation of the Compliance Period Value 
below this threshold indicates that a warning of "lack of compliance warning" 
should be issued. 

[81] Actual Medical Device Session Usage Value - a period of time that corresponds to 
each Usage Session. 

4 

[82] Weighting Factor - A multiplier assigned to an Actual Medical Device Session Usage 
Value based on the length of time of the Actual Medical Device Session 
Usage Value. 

[83] Minimum Medical Device Usage Short Session Value - period of time for a Usage 

Session that, if not exceeded, causes that Usage Session to be considered as a 
Short Session. 

[84] Short Session Count Value - a count of the number of Short Sessions occurring during 
a Compliance Period. 
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Short Session Warning Value - a warning threshold that is compared with the Short 
Session Count Value, where a deviation of the Short Session Count Value to 
value that is equal to or greater than this threshold indicates that a warning 
should be issued, such as a warning indicating that short sessions are 
occurring. 
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